This study examined the development of individual social capital in a distributed learning community. Feld's theory of focused choice predicts that the formation of network ties is constrained by contextual factors that function as foci of activities. In our research, we examined how group assignment and location could function as such foci to influence the development of individual social capital in a distributed learning community. Given that networks with different content flows may possess different properties, we examined two different types of networks-task-related instrumental networks and non-task-related expressive networks. A longitudinal research design was used to evaluate the evolution of networks over time. Hypotheses were tested using a sample of 32 students enrolled in a distributed learning class. The results show strong support for Feld's theory. While serving as foci of activities to organize social interactions, both group assignment and geographic separation can also function to fragment a learning community.
In recent studies on learning, the focus has moved away from individual knowledge acquisition toward collaborative learning in communities (Barab et al., 2004; Gay & Hembrooke, 2004; Kirshner & Whitson, 1997; Lave & Wenger, 1991; Rovai, 2001; Wenger, 1998) . Building on previous research on activity theory, Lave and Wenger (1991) argue that learning does not happen within an individual's mind alone, but is situated in a social context in which social interactions among colearners play a key role. The colearners, who are bounded by informal re-lationships, similar work roles, and a shared social context, form what is called a community of practice (Lesser & Prusak, 2000) . In such a community, learning through participation instead of acquisition is the primary mode through which learners master the skills and knowledge needed to become competent members of a learning community (Cho et al., 2002; Lave & Wenger, 1991; Sfard, 1998) .
With the rapid development of information and communication technologies, the boundaries for such learning communities have greatly expanded. Geographic distance no longer prevents people from joining a learning community from a distant location (Wellman, 1999) . However, fostering collaborative learning in a distributed learning community requires more than just technological competency (Barab et al., 2004) . Cooperation and collaboration among colearners does not occur automatically merely because the necessary technology is made available. The key issue is the development of social capital among participants (Graves, 1992; Kling & Courtright, 2004) . Social capital is generally defined as resources embedded in network relationships that people can mobilize to facilitate purposeful actions (Bourdieu, 1985) . Social capital is important for collaborative learning and community building because social interactions generate, among other things, trust, social support and control, participation, and resource exchange (Haythornthwaite et al., 2000; Lin, 1995; Portes, 1998; Putnam, 2000; Rovai, 2001; Schuller et al., 2000) .
In her seminal study on patterns of social interactions among distributed learners, Haythornthwaite (2001) found that the structures of social networks for advice seeking, collaborative work, and socializing relate directly to the assigned group structures. One major limitation of Haythornthwaite's research is that she only studied the impact of group assignment on network ties, and it was not clear to what extent geographic separation, a distinguishing feature of distributed learning communities, influenced this process. Past research (e.g., Haythornthwaite, 2001; 26 Y. C. YUAN ET AL. Rovai, 2001 ) on distance learning classes usually studied completely distributed communities, in which none of the students were in close physical proximity to each other. When comparative research was conducted, the focus was on the differences between completely distributed versus completely colocated communities (Rovai & Lucking, 2003) . However, the level of geographic distribution of a learning community is not a binary of either distributed or colocated; it varies by degrees. Partially distributed communities, in which some of the community members are colocated while the rest are distributed, also exist.
As one extension of Haythonthwaite's work, we explored the dynamics of social interactions in a partially distributed learning community. In this learning community half of the students were from University A and the other half from University B. Building on Feld's theory of focused choice (1981, 1982, 1997 ), we developed and tested specific hypotheses on the impact of location on the formation of both task-and non-task-related network ties. Group assignment remained a key research focus for us because groups are still a dominant form of organization in contemporary society (Arrow et al., 2000; Gay & Hembrooke, 2004) .
As a second extension of Haythornthwaite's work, we examined the impact of social capital on performance. This issue is important because initiatives for fostering the development of social capital in learning communities is inspired by the potential of an enriched learning experience to boost performance, in addition to providing emotional support and generating a sense of belonging (Haythornthwaite et al., 2000; Haythornthwaite, 2001) .
The article is organized as follows. First, we define the concept of social capital. Defining the term up front is necessary because the concept has been studied in so many different disciplines that its implications and meanings have changed from context to context (see Adler & Kwon, 2002; Portes, 1998 , for a more detailed review). Second, we discuss Feld's theory of focused choice and propose hypotheses to test the impact of group assignment and location on the development of social capital. These hypotheses were tested using a sample of 32 students from two universities enrolled in a collaborative learning class. Finally, we discuss the implications of our results and possible future extensions of our research.
DEFINING SOCIAL CAPITAL
Although Pierre Bourdieu was not the first to use the term social capital, he is generally considered to be the first scholar who provided a systematic analysis of the term (Portes, 1998) . He has also been credited for sparking the contemporary interest in the concept (Portes, 1998; Schuller et al., 2000) . In his study of social space and the legitimization of class relationships through cultural mechanisms, Bourdieu (1985) argued that there are multiple forms of capital-economic, cultural, and social-that people use to achieve their ends. Economic capital refers to the monetary resources available to an individual. Cultural capital can take three forms. Embodied cultural capital is obtained through learning or acquiring social norms of a particular group, or social class. Objectified cultural capital is obtained through exposure to such "cultural goods" (p. 247) as media, paintings, and writings. Institutionalized cultural capital is acquired through obtaining an academic degree. Social capital, on the other hand, is the resources that people can obtain from a network of relationships. Bourdieu (1985) claims that social capital is the aggregate of the actual or potential resources which are linked to possession of a durable network of more or less institutionalized relationships of mutual acquaintance and recognition-or in other words, to memberships in a group-which provides each of its members with backing of the collectivity-owned capital, a "credential" which entitles them to credit, in the various senses of the word. (pp. 248-249) In this short passage, three major themes of contemporary studies of social capital emerge. First, social capital is a type of resource that is embedded in a network of relationships. Different from both economic capital and cultural capital, "The volume of social capital possessed by a given agent . . . depends on the size of the network of connections he can effectively mobilize and on the volume of social (economic, cultural or symbolic) resources possessed in his own right by each of those to whom he is connected" (Bourdieu, 1985, p. 249) . Second, social capital by its nature is a form of public good. As it is "collectivity-owned capital" (p. 249), all members of the public can enjoy it, a point that is further elaborated on in Coleman's analysis (1988) . Third, group membership is important for the formation and realization of social capital. As social capital represents resources derived from a network of relationships, participation in group and community activities that facilitate networking among group members can have a great impact on the development of social capital, and thereby can help the group to achieve greater effectiveness.
Bourdieu's definition of social capital has set the basic tone of contemporary social capital research. Subsequent social capital research, however, has witnessed some conceptual differences. For instance, Putnam defines social capital as "features of social organization, such as networks, norms, and social trust that facilitate coordination and cooperation for mutual benefits" (Putnam, 1995, p. 67) . The change in focus from resources available in social networks, as originally proposed by Bourdieu, to features of "social organization" (Putnam, 1993 (Putnam, , 1995 or "social life" (Putnam, 1996) has greatly expanded the research scope of the concept. Following in the footsteps of Putnam, other scholars have added "shared vision," "institutional structure," and other such factors as additional dimensions of social capital (see Gittell & Vidal, 1998 , for a more detailed review). Such expansions, however, may be contributing to making the concept too broad and "muddled" to have its own distinct conceptual entity (Mondak, 1998) . Portes (1998) and Schuller et al. (2000) warn against this tendency to turn the concept of social capital into an umbrella term that houses too many different concepts. Following their suggestion, we adopt Bourdieu's original definition of the concept and study social capital as the properties of a network structure that members of the network can access and activate in order to achieve their goals.
Instrumental Versus Expressive Networks
Research following Bourdieu's conceptualization of social capital has mainly focused on identifying and evaluating structural properties of networks as indicators of the level of resources that people can mobilize from network relationships (Hansen et al., 2001) . Frequently studied structural indicators of social capital include network size (e.g., Coleman, 1988; Ibarra & Andrews, 1993) , tie strength (e.g., Granovetter, 1982; Krackhardt, 1992) , nodal centrality (Ibarra & Andrews, 1993; Tsai & Ghoshal, 1998) , and network density/sparseness (e.g., Burt, 1992) . Multiple middle-ranged theories have been developed to study social capital: for instance, Burt's (1992) structural hole theory, Granovettor's (1973) strength of weak ties theory, Krackhardt's (1992) strength of strong ties theory, Lin's (1995 Lin's ( , 2001 ) social resources theory, and Coleman's network closure theory (1988) .
In social capital research, the importance of network content tends to be downplayed in many studies for both theoretical and empirical reasons (Adler & Kwon, 2002, p. 23) . Theoretically, formalist sociology assumes that the structure of social interactions can generate its own content (Wellman, 1988, p. 23) . Empirically, while some scholars find that one type of network relationship can accommodate certain purposes and not others (DiMaggio, 1992) , different results indicate that there are limits to how much networks of different content can overlap (e.g., Podolny & Baron, 1997 ). In the current research, instead of assuming that networks of different content can coalesce with each other naturally, we adopted Ibarra's (1992 Ibarra's ( , 1995 conceptual framework for network tie classifications. A distinction is made between two types of networks. Instrumental networks are networks made up of ties for information, advice, and resource exchange that are needed to accomplish tasks. Expressive networks are networks formed of affective ties carrying either positive or negative emotions that are not necessarily task related. Empirical research has found that both instrumental and expressive networks can influence employees' workrelated perceptions, although via different mechanisms (Ibarra & Andrews, 1993; Umphress et al., 2003) . For example, power-based social influence is stronger when it is connected to people occupying central positions in instrumental networks. Friendship-based social influence is stronger when it is connected to people who are close to the focal person in the expressive network (Ibarra & Andrews, 1993) .
While the two types of networks may possess very different properties, this does not mean that they are completely separate from each other. Multiplexity, or the overlap of network ties, grows when friendship ties develop among people who work on common tasks. Most existing social capital research that investigates multiplexity of ties mainly relies on one-time data. A major limitation of this approach is that besides finding correlations among different types of networks ties, it cannot investigate how multiplexity of ties evolves over time. In our current research we predict that such an overlap in network ties is more likely to happen when interactions become long-term and frequent.
Multiplexity of ties promises more benefits from a given relationship. For example, research has shown that people in close social relationships are much less likely to withhold information (Gulati, 1995; Nahapiet & Ghoshal, 1998; Uzzi, 1996; Zaheer et al., 1998) . Information gained from these channels is therefore more likely to be accurate and in-depth (Haythornthwaite & Wellman, 1998; Uzzi, 1997) . Based on these findings, it is hypothesized that:
H1: The overlap of instrumental and expressive networks ties (multiplexity of network ties) will increase over time. H2: Multiplexity of ties is positively associated with performance.
THEORY OF FOCUSED CHOICE
The development of social capital depends on the growth of network ties. While entrepreneurial individuals have the agency to form relationships based on their individual preferences (Burt, 1992 (Burt, , 2001 , the theory of focused choice states that such choices are frequently constrained by social contexts, i.e. foci of activities (Feld, 1981 (Feld, , 1982 (Feld, , 1997 . Feld (1981) defined foci as "social, psychological, legal or physical objects around which joint activities are organized" (p. 1016). Typical examples include families, organizations, churches, and neighborhoods. Once committed to a particular focus of activities, people's choices of network contacts become constrained by that commitment. The reason for this constraint is that the foci of activities function like imposed organizational structures. Through joint activities, they put people into contact with one another, and make differences in personal characteristics less important in network tie selection. While people in general are more likely to interact with each other if they are connected to the same foci, the likelihood of interaction among people connected to different foci decreases. This is why people's choices of network contacts are focused and constrained, and not driven completely by free will.
In our current research, we concentrated on two foci of activities, group assignment and location, and examined how they influenced the formation of both instrumental and expressive network ties in a distributed learning community.
The Impact of Group Boundary
While in networked societies group boundaries have become more permeable than they used to be (Koku & Wellman, 2004) , this does not mean that the group-centric model of organization is no longer valid. On the contrary, many scholars observe that the group remains a fundamental unit of organizing in contemporary organizations (Argote, 1999; McGrath & Argote, 2001 ). The reason is that "performing virtually any task in a work environment is fundamentally social and involves cooperation and communication with others" (Gay & Hembrooke, 2004, p. xviii) .
The theory of focused choice predicts that group membership breeds network connections because group boundaries create an organizing focus around which people organize their activities (Feld, 1981 (Feld, , 1982 . As group members have to interact with each other frequently in order to finish the assigned tasks, the likelihood of developing withingroup ties is much larger than that of across-group ties. The impact of comembership on building network ties can be so strong that differences in age, race, religion, and other individual characteristics become less important (Marsden, 1990; McPherson et al., 2001 ). Haythornthwaite (2001) found in her study on distance learning that the social network structure of the distance learning class converged on group assignment. Communication for collaborative work, seeking and providing advice, and socializing were much more frequent among people of the same group than among people of different groups. Based on these findings, we propose that:
H3a: People tend to become more connected with members from the same group (within-group connectedness) than with those from different groups in instrumental networks (across-group connectedness). H3b: People tend to become more connected with members from the same group (within-group connectedness) than with those from different groups in expressive networks (across-group connectedness).
The Impact of Location
One major challenge for building a distributed learning community is that the members of the learning community are not all located in the same place. As discussed earlier, a learning community is completely distributed when no two members come from the same location; it is partially distributed when some of its members are colocated. In either case, geographic separation can significantly undermine the development of a learning community because distance erodes shared context, familiarity, and friendship among group members (Armstrong & Cole, 2002; Hinds & Bailey, 2003) . Deprived of a common work context, shared work norms and culture are more difficult to develop. Familiarity and friendship are also more difficult to grow because group members are deprived of casual, informal encounters. Past social network research has found that as physical distance increases, the probability of face-toface communication decreases significantly (Zahn, 1991) . Allen (1977) claimed that if you were further than 30 meters apart from someone, you might as well be several miles apart. Rovai and Lucking (2003) found that the sense of belonging to a community was stronger among students in a completely colocated learning environment than among students in a completely distributed learning environment. Although communication technologies can "shorten" the physical distance between people, no evidence has been found that they can shorten the social distance between people. Most research seems to indicate that the primary use of communication technologies is to sustain and maintain contacts that already existed in face-to-face conditions (Wellman, 1996) . Based on these findings, it is hypothesized that:
H4a: People tend to become more connected with members from the same location (within-location connectedness) than with those from different locations in instrumental networks (across-location connectedness) in partially distributed communities. H4b: People tend to become more connected with members from the same location (within-location connectedness) than with those from different locations in expressive networks (across-location connectedness) in partially distributed communities.
The Interaction Effect Between Group Membership and Location
In addition to the already mentioned main effects, we propose that an interaction effect between group assignment SOCIAL CAPITAL AND DISTRIBUTED LEARNING 29 and location also exists so that both instrumental and expressive network ties are more likely to form among people who not only belong to the same group, but also come from the same location. Homophily theory predicts that people sharing common traits are more likely to communicate with each other (McPherson et al., 2001) , and that the likelihood of social interaction grows when people share more similarities. Based on these arguments from homophily theory, it is hypothesized that:
H5a: People are more likely to form instrumental ties with those who are in both the same location and the same group. H5b: People are more likely to form expressive ties with those who are in both the same location and the same group.
Changes in Network Ties Over Time
Although group boundaries and locations are the two primary foci around which network ties are formed, this does not mean that learners will not develop ties across group boundaries and across different locations. Effective learning in a learning community requires that learners develop both within-group and across-group social capital 1 with people in both same and different locations. Though not stated in the original theory, the foci of activities should be perceived as having multiple levels, ranging from colocated groups at a lower level to distributed communities at a higher level. To obtain more resources and opportunities, learners need to reach beyond the local group foci and connect to the larger learning community. However, having ties with people not from the immediate foci of activities requires more time and energy (Feld, 1982) . Therefore we assume that forming ties with people from other groups and other locations may not take place right away. However, if a learning community has been used as a focus to organize joint activities, more across-groupboundary, across-location network ties will be observed. Accordingly, it is proposed that:
H6a: Over time, people will become more connected with people from different groups (across-group connectedness) in instrumental networks. H6b: Over time, people will become more connected with people from different locations (across-location connectedness) in instrumental networks. H7a: Over time, people will become more connected with people from different groups (across-group connectedness) in expressive networks. H7b: Over time, people will become more connected with people from different locations (across-location connectedness) in expressive networks.
METHODS

Design and Sample
Our data were collected from 32 students (21% female and 79% male) enrolled in a senior-level engineering class for two consecutive semesters. Students came from two universities (exactly 50% from each university) located in two different cities located 70 miles apart. Students attended lectures cotaught by professors from both universities via a coded audio/video system. Professors from both universities took turns leading the lectures, and each project group was assigned a faculty member as its leading mentor. Students were given high-end laptop computers with access to the campus wireless network for the entire academic year. Students were randomly assigned to one of five project teams to design thermal protection systems for a next generation reusable launch vehicle (space shuttle). Each team had around six to seven students, half from University A and half from University B. A special distributed-learning support system was deployed to facilitate communications among students from both universities. The system supported e-mails, instant messaging, group discussion, document sharing, and other functions.
Measures
Instrumental and Expressive Relationships. Students were given a complete roster of all students enrolled in the distance learning class from both universities. The instrumental network relationships were measured by asking students to report their frequency of task-related communication with other students in the class during a typical week. Students were also asked to indicate their expressive network relationships by the frequency of non-task-related communication. Students were surveyed twice during the academic year about each type of network relationships. The first round of data collection took place midway through the fall semester. The second round of data collection took place at mid-semester in the spring of the same academic year. Based on the data collected from the two types of networks, measures of within-and across-group connectedness were derived by summing up a person's total frequency of communication with people either within or across groups.
Previous research has used proportions to evaluate network connectedness (Ibarra, 1992) . We prefer to use valued network data because dichotomizing networks ties into a binary representation of presence versus absence of ties does not make full use of the richness of data. 2 A person who communicates with his or her team members 60 times per week is more connected to the team than a person who communicates only 2 times per week. Given our sample size and that students had opportunities to interact with each other for a whole year, network size could not be used as an indicator of social capital, out of the concern that the measure would not be sensitive enough to capture the variances among subjects. In addition, empirically using network size is equivalent to using proportions, which, as discussed earlier, cannot make a full use of the richness of our data. Nodal centrality was also not used as an indicator of social capital, because nodal centralities are calculated based on the whole network (Wasserman & Faust, 1994) , and our research interests focused more on subnetworks that were subdivided by (a) locations and (b) groups.
To deal with possible biases in the self-reported data regarding how often students communicated with each other, the matrices were symmetrized using the average option in UCINET prior to summation. The procedure created a symmetric matrix of the frequency of communication between two actors by averaging the responses from both parties involved. For instance, if person A reported communicating with person B 4 times a week, and person B reported communicating with person A 8 times a week, the average frequency of communication between A and B would be 6. This number was saved in the final communication matrix that was used for hypothesis testing.
The technical procedures for obtaining these measures from UCINET 6.0 (Borgatti et al., 2002) Performance Performance was measured using the students' fall and spring semester final grades. The mean final score for the 2003 fall semester was 86.71 (SD = 6.32), and the average final score for the 2004 spring semester was 89.27 (SD = 7.25).
Descriptive statistics and correlations of all the research variables for the 2003 fall semester are reported in Table  1 , and those for the 2004 spring semester are reported in Table 2 .
Visual presentations of both instrumental and expressive networks for both semesters are presented in Figures 1  and 2 . In particular, Figure 1a In the instrumental networks, networks ties were clustered by location, as well as by group assignments. In the expressive networks, however, the ties were clustered by location only. Further tests were conducted to examine whether the differences observed in the visual maps were statistically significant or not.
RESULTS
Hypothesis 1 predicted that multiplexity of network ties would increase over time. To test this hypothesis, pairedsamples t-tests were run to examine whether the change in the overlap of network ties was significant over time because the data were repeated measures of the same subjects from two different time points (Norusis, 2004 Table 3 . Hypothesis 2 predicted that multiplexity of network ties would have a positive impact on performance. To test this hypothesis, we regressed fall and spring semester final grades on network multiplexity. Results showed that the impact was not significant for either the 2003 fall semester (β = .25, t = 1.42, p = .16), or the 2004 spring semester (β = .06, t = 1.42, p = .16). Therefore, hypothesis 2 was not supported.
Hypotheses 3(a) through 5(b) examined both the main effects and the interaction effects of group membership and location on the formation of within-and across-group ties in both (a) instrumental and (b) expressive networks. These hypotheses were tested simultaneously using the multiple regression QAP (MRQAP) analysis in UCINET (Borgatti et al., 2002) . First of all, using UCINET 6.0, a proximity matrix was created for each of the two attribute variables of an actor, that is, group affiliation and location. The procedure created two binary matrices, in which a value of 1 represents that the two nodes were either (a) in the same group (group matrix) or (b) at the same location (location matrix), and a value of 0 denotes the opposite. Multiplying the two binary matrices, a third matrix was created to capture the interaction effect between group assignment and location. The instrumental and expressive communication networks were then regressed on the three predictor matrices to evaluate both the main effects and the interaction effects of group assignment and location on the formation of ties. This MRQAP analysis was carried out on both the fall and the spring semester network data. The results are summarized in Table 4 . Hypothesis 3(a) predicted higher within-group connectedness in comparison to across-group connectedness in instrumental networks. The standardized regression coefficient for the impact of group assignment was .50 ( p < .05) for the fall semester, and .47 ( p < .05) for the spring semester. Therefore, hypothesis 3(a) was supported. Hypothesis 3(b) predicted higher within-group connectedness in comparison to across-group connectedness in expressive networks as well. The standardized regression coefficient for the impact of group assignment on expressive communication was .06 ( p > .05) for the fall semester, and .04 ( p > .05) for the spring semester. Therefore, hypothesis 3(b) was not supported.
Hypothesis 4(a) predicted higher within-location connectedness in comparison to across-location connectedness in instrumental network relationships. The standardized regression coefficient for the impact of location on instrumental relations was .19 ( p < .05) for the fall semester, and .11 ( p < .05) for the spring semester. Therefore, hypothesis 4(a) was supported. Hypothesis 4(b) predicted higher within-location connectedness in comparison to across-location connectedness in expressive networks as well. The standardized regression coefficient for the impact of location on expressive communication was .22 ( p < .05) for both the fall and the spring semesters. Therefore, hypothesis 4(b) was also supported.
Hypothesis 5(a) and 5(b) predicted an interaction effect between group assignment and location on the formation of instrumental and expressive relations respectively. The MRQAP analysis showed no significant interaction effects for either type of network relation, or for either semester. Therefore, hypothesis 5(a) and 5(b) were rejected. When all three predictor matrices were included in the regression analysis, R 2 (the proportion of the variance explained by the predictor variables) was .27 for instrumental networks for both the fall and the spring semesters, and .05 for expressive relations for both semesters. 3 Hypothesis 6(a) predicted that across-group connectedness would increase over time in instrumental networks. However, counter to our prediction, the mean across-group connectedness dropped from the fall semester (M = 12.59, SD = 10.22) to the spring semester (M = 10.48, SD = 7.00). Paired sample t-test showed that the decrease was not statistically significant, t (31) = −.99, p = .33 (onetailed). Thus, hypothesis 6(a) was not supported. Hypothesis 6(b) predicted that across-location connectedness in instrumental relationships would increase over time. Descriptive statistic showed that across-location connectedness increased from the fall semester (M = 10.53, SD = 3.60) to the spring semester (M = 13.08, SD = 6.94). Paired-samples t-test showed that the increase was significant, t(31) = 1.74, p < .05 (one-tailed). Thus, hypothesis 6(b) was supported.
Hypothesis 7(a) predicted that across-group connectedness would increase over time in expressive networks. As predicted, the mean across-group connectedness increased from the fall semester (M = 22.88, SD = 22.74) to the spring semester (M = 24.02, SD = 23.71). However, paired-samples t-test showed that the increase was not statistically significant, t(31) = .44, p = .66 (one-tailed). Therefore hypothesis 7(a) was not supported. Hypothesis 7(b) predicted that across-location connectedness in expressive relationships would increase over time. Counter to our prediction, the mean across-location connectedness in expressive relationships actually decreased from the fall semester (M = 2.13, SD = 2.58) to the spring semester (M = 2.02, SD = 2.89), although the decrease was not statistically significant, t (31) = −.17, p = .87 (one-tailed). Thus, hypothesis 7(b) was not supported either. The results of paired-samples t-tests for hypotheses 6(a)-7(b), along with hypotheses 1, are summarized in Table 3 . 
DISCUSSION
This study examined the development of social capital in a distributed learning community. The issue is important because learning is essentially a social activity (Gay & Hembrooke, 2004; Lave & Wenger, 1991; Wenger, 2000) . Wherever it happens-be it in classrooms or business organizations-it is shaped by social interactions among members belonging to a learning community. Haythornthwaite's (2001) case study of patterns of social interactions in a distance learning class remains one of the most comprehensive studies on the topic. Her analysis was limited, however, in the sense that it focused mainly on the impact of group assignments on the development of social capital. She studied a completely distributed learning community, although students had opportunities to meet face-to-face occasionally during the semester. In the absence of a completely colocated community as a comparison, the impact of location on the formation of network ties was left unexplored since everyone in such a community faced the same geographic constraints. Statistically, studying a completely distributed or colocated community solely is equivalent to transforming distributedness from a variable to a constant. As a result, the impact of location becomes minimized or hidden. Such a research design may ignore the impact of location completely, even when the research is dealing with partially distributed communities. As shown in our research, location exerted an even stronger impact than group membership did on the formation of network ties in partially distributed groups, although we failed to observe an increase in across-location instrumental and expressive network ties over time. The specific findings will be discussed in greater detail later. Suffice it to say here, we believe that the impact of location or geographic separation is very important for the formation of network ties in distributed learning communities because it is the location or geographic separation that makes a "distributed" learning community distributed. Feld's theory of focused choice (Feld, 1981 (Feld, , 1982 (Feld, , 1997 ) provides us with a sound theoretical framework to explain why geographical location and group assignment can influence the development of social capital in distributed learning communities. The theory states that although people have the agency to choose their social contacts, such choices are constrained by the foci of activities. Geographic location can serve as a focus of activity because it provides a common place for people to meet regularly. Group assignment can fill a similar function because it provides interactive opportunities for members working on a common task.
To test Feld's theory, we proposed to use multiple networks with data from two different points in time. The use of multiple networks is important because networks of different contents may possess very different properties (Burt, 1997; Podolny & Baron, 1997) . Following Ibarra's (1992) classification framework, we made a distinction between two types of networks, task-related instrumental ties and non-tasked-related expressive ties. We then examined the impact of group assignment and location on the development of social capital in these two types of networks both separately and jointly. While different types of networks are fundamentally different on some levels, one would assume that they do share commonalities on other levels. Multiplexity of ties can occur especially when interactions are frequent and long-term. For this reason, we collected longitudinal data to examine the development of social capital and the evolution of network multiplexity over time.
Our sample consisted of 32 students from two universities enrolled in a senior engineering design class. In spite of the use of a student sample, the results of our research can be generalized not only to other partially distributed distance learning classes, but also possibly to partially distributed teams in real organizations. As long as the student sample and the research setting share sufficient similarities with the targeted population and the phenomena under investigation, the generalizability of research results is not an issue (Shapiro, 2002) . Different from many other experimental studies using college students, students participating in the current study had to work on a very complicated task-designing a thermal protection system for a next generation reusable space shuttle-over two semesters. We believe that the task was sufficiently challenging to create an interactive dynamic that resembled tasks performed in real organizations. However, we recognize that without comparable control conditions of either a co located or completely distributed group, results relevant to the impact of location on the formation of network ties may not be conclusive.
Despite the small sample size, the results showed strong support for the theory of focused choice. Group assignment had a significant impact on the development of social capital in instrumental relationships. To be more specific, we found that people in general were more connected with people of the same group than with those of other groups in instrumental relations, and the results were consistent for both data collection points. However, counter to our prediction, group assignment did not have a significant impact on the development of social capital in expressive networks. Instead, the results indicated that across-group connectedness in expressive networks was actually higher than within-group connectedness for both semesters. The results were related to the impact of geographic location, and supported the theory of focused choice; people were more connected with others from the same location than from a different location in both instrumental and expressive relationships. In this instance, the results were significant for both time periods.
As mentioned before, building learning communities to facilitate collective learning has become a topic of considerable research interest in recent educational (e.g., Barab et al., 2004) and organizational research (e.g., Brown & Duguid, 2000; Lant, 1999) . However, to what extent an actualized learning community can be formed is still an open question. Wellman (1999) maintains that a community in general can become separated from geography when it is activity-driven, and viewed as what people do together; the community is the activity itself, not where or how the activity is done. Following this logic, we predicted that an actualized learning community should reach beyond group and geographic separations, and that we would not witness significant differences between within-group and across-group ties, or differences between within-location and across-location ties. Furthermore, we proposed that over time, more across-group, across-location ties would emerge. However, counter to our expectations, only acrosslocation connectedness in instrumental networks showed significant growth over time. The increase in across-group connectedness in expressive network relations was not significant. Decreases were observed in both across-group connectedness in instrumental relations and acrosslocation connectedness in expressive relations. Combining the results together, we suggest that while group assignment and geographic separation can function to organize and foster group cohesiveness, they can also work to fragment a learning community, creating boundaries that resist the development of an actualized community. Shortly we will discuss the dual nature of these foci as an extension of Feld's theory of focused choice.
The inhibited development of actualized learning communities can also be seen in our failure to find significant support for an effect of network multiplexity on performance. Furthermore, the lack of overlap between expressive and instrumental ties did not change over time. Our original hypothesis did not make a distinction between multiplexity of ties with people of the same group versus multiplexity of ties with people of different groups, or a distinction between multiplexity of ties with people of the same location versus that of different location. Post hoc analysis showed that multiplexity of network ties with people of the same group did have a significant impact on performance (β = .39, t = 2.35, p = .03) . This finding suggests that the quality of across-group relationships did not matter for performance, and reaching out to the larger community was of less importance. A caveat to this observation, however, is that the importance of reaching beyond the boundaries of one's own group and/or location may be dependent upon the nature of the group activities or tasks. Collaboration on a group project may have reduced the incentive to reach beyond one's own boundaries because the tasks were not interdependent.
Foci as Constraints and Agents of Change
One interesting finding that emerged was the dual nature of the foci of activities on the development of individual social capital and a sense of belonging to a learning community. We found that in the initial stage group membership and location functioned as an organizing force for the development of individual social capital in this partially distributed learning community. We were hopeful that over time people could develop ties that reach beyond their groups and their physical locations. Yet over the term of 1 year, students were still primarily connected with those from the same location and same group in both expressive and instrumental relations. The interesting question then becomes, under what conditions will the foci of activities facilitate development of ties to help build a learning community, and under what conditions will they curb the development of ties and fragment a learning community?
It seems to us that part of the explanation for this is directly related to the number of foci of activities engaged in by learning community. Using location as an example, in a completely colocated learning community, the single location will definitely serve as a central factor in organizing the formation of ties and a learning community. In partially colocated/distributed learning communities, the addition of even just one more location (as in our case) will create the duality phenomena. That is, the foci of activities will first facilitate the development of individual social capital and a collective sense of belonging to the learning community, but in the long run, the diverse locations can also function as competing foci, fragmenting the ties and the learning community. However, as the number of additional locations increases to the point where location ceases to become a focus of activities, the fragmenting influence of location will decrease. In completely distributed learning communities where no person is in the same location, people will cease to refer to physical proximity as one of the major causes for the development of ties. The same logic can be applied to the number of groups as a focus of activity. It seems to us that there may be a "tipping point" whereby increasing the number of groups serves to blur the boundaries between membership and nonmembership. As these boundaries become less well defined, choices in network ties may become less constrained. As choices become less constrained by foci, the diversity of ties and "cross-pollination" among groups should increase, making community development possible. The transition from organization to fragmentation and the development of a new structure from the interaction among the parts might be explained as a process of moving from stability or order, in the sense that the foci of activities serve to facilitate group cohesion and performance, to entropy or disorder, which in the present case results in the extension of the groups to exclude the larger community. Similar to other dynamic and nonlinear systems, the evolution of social networks may be highly sensitive to changes in the initial conditions such that even slight changes will result in significant consequences for or changes to the social structure (Lorenz, 1963) . We believe that this is an important issue that is worthy of more research attention and caution when multiple foci of activities are available in a learning community, including multiple locations, multiple groups, multiple events, multiple leaders, etc. A systems' theory approach for studying the resulting variability in social networks over time is an exciting future direction.
Limitations
There are two major limitations of the current research. First, the sample size of the current study is small. Some of our research findings might have been significant had the sample size been larger. Second, the current research examines the impact of location and group membership on the formation of network ties only in partially distributed learning communities. It was difficult to find either colocated or completely distributed groups that worked on comparable projects to serve as the control conditions for the current research. Without including either type of learning community in the research, the results obtained here regarding the impact of location on the formation of network ties may not be conclusive.
Directions for Future Research
There are several issues that we want to explore further in future research. First, social capital is in essence a multilevel concept (Putnam, 1998 4 ; Wellman, 1998 5 ; Yuan, 2004) , varying from individual social capital to collective social capital. Individual social capital refers to network resources that will benefit a particular person. Collective social capital focuses on network resources that will benefit a whole group or a community. In our research, due to the limitation of sample size (32 people in five groups), we were not able to investigate how collective social capital at either the group level or the learning community level influences learning over time. The main research focus was on how the development of individual social capital facilitates learning in a distributed learning environment. Future research should also look into how collective social capital influences distributed learning upon availability of larger sample sizes, particularly at the group level.
In addition, Lin (2001) proposes that the level of resources embedded in social capital is influenced not only by the strength of ties, but also by the level of resources that a node's contacts have. In this research, we mainly focused on the number and the strength of network ties when evaluating the level of development of individual social capital. Future research should consider weighting the number and strength of ties with the level of resources that the contacts have. A person enjoys more social capital when that person is connected with the resource-rich rather than with the resource-poor.
Finally, in our research, we studied the development of social capital in a distributed learning community supported by information technologies. Our research shows that the development of social ties is largely constrained by the two exogenous factors we studied, location and group assignment,and that these two factors can either facilitate or curb the development of an actualized learning community. However, as group assignment and locations are oftentimes determined by other external constraints such as design requirements, deadlines, and expertise, to manipulate the development of social capital by changing or altering group assignment and geographic locations is sometimes not feasible. To improve work collaboration and collective learning, future research should explore the design and implementation of intervention programs or group decision support systems in order to encourage group members to reach beyond group and location boundaries, and to foster social capital in both instrumental and expressive networks. Preece (2000) , and Barab, Kling, and Gray (2004) observed that many existing group decision support systems focus too much on issues related to the usability rather than the sociability of the technology. As a result, these systems have become mere platforms for information exchange, and do not necessarily support the development of social interactions, common values, and trust that are instrumental for community building (Preece, 2000) . Designing sociable information systems in support of community building is an issue that warrants more research attention.
CONCLUSION
During the past several decades, we have witnessed a dramatic increase in the use of distributed work groups, both in organizations and educational contexts. However, attenuated by geographic distribution, work coordination and collaboration in distributed teams can be problematic (Cho et al., 2002; Lee et al., 2003) In our research, we studied the development of social capital in a distributed learning community supported by information technologies. Our research shows that the development of social ties was largely constrained by two exogenous factors, location and group assignment. Geographic location had a significant impact on the formation of both instrumental and expressive relationships, while group assignment only influenced the development of instrumental ties. There is no doubt that in many instances, for certain design teams, the kind of work or product that needs to be delivered might benefit from strong camaraderie or team cohesiveness. Under these circumstances, the instrumental network might be more productive, creative, or efficient if the expressive network within the group is similarly cohesive. Greater work productivity would be expected when instrumental and expressive network relationships overlap with each other, and when group boundaries and geographic distance cease to fragment the large community into small cliques. Future research should examine these variables and their interactions more systematically to determine their relative contribution to both the development of social capital and productivity within and across design groups.
NOTES
1. Some scholars of social capital tend to use "bonding" social capital to refer to ties within group and "bridging" social capital to refer to ties across groups. According to Gittell and Vidal (1998) , who coined the terms, such use of terminology is confusing because bonding social capital is "the type that brings closer together people who already know each other" (p. 15), and bridging social capital is "the type that brings together people or groups who previously did not know each other" (p. 15). Thus intragroup ties can be both bonding and bridging. This also is the case with inter group ties. Therefore we choose not to use bonding and bridging social capital, to avoid unnecessary confusions. The impact of bonding and bridging social capital on distributed learning is reported in a separate paper.
2. For the same reason, we did not use MultiNet p * model to analyze our data because p * requires a binary dependent variable (presence vs. absence of ties).
3. The R 2 for network MRQAP analysis is usually very small. 4. See Putnam's posts on the origins of the term "social capital" in a 1998 SOCNET discussion edited by Stephen Borgatti (1998).
5. See Wellman's posts on the origin of the term "social capital" in a 1998 SOCNET discussion edited by Stephen Borgatti (1998) .
